penditures as well as across different categories of durable goods. I find it somewhat paradoxical that so much effort during the 1980s-perhaps more than in any other topic in macroeconomics-was devoted to explaining the 'small' rejection and so little to explaining the 'large' one.
An alternative demonstration of the inadequacy of the basic theory can be expressed in terms of the properties of the flow of expenditure on durable goods. This is the avenue followed by Mankiw (1982) . Combining the white-noise implication for the rate of growth of the stock with the perpetual inventory formula fornew stock accumulation yields a simple first-order moving average (MA(1)) expression for expenditure growth. 4 Since durables last for more than one period, an initial increase in expenditure to set the stock at a new higher level does not require subsequent expenditures, except for depreciation. This implies that the moving average coefficient for expenditure growth should be negative and equal (in absolute value) to one minus the depreciation rate, or about -0.95 in quarterly data. Mankiw (1982) found a strong rejection of this prediction of the basic theory in US postwar quarterly data. The estimated MA coefficient is approximately zero, implying that the growth in expenditure on durables is well characterized by a white-noise process.
In Caballero (1990) I qualified Mankiw's finding. The negative correlation that the basic PIH predicts in the rate of growth of expenditure on durables does not vanish, but it is delayed by several quarters. This finding does not save the frictionless PIH model, but it suggests that an amended version, with significant adjustment costs, has the potential to explain the facts.
Macroeconomists have typically handled sluggish aggregate dynamics by postulating the existence of convex-usually quadratic-adjustment costs within the context of a representative agent model. This is largely counterfactual at the microeconomic level, where purchases of durable goods are sporadic and lumpy rather than continuous and smooth.
These notes focus on work that has explicitly modelled the lumpy and intermittent nature of microeconomic adjustment and the implications for aggregate expenditure on durable goods.
Lumpy and intermittent adjustment of the stock of durables at the microeconomic level can arise from the presence of fixed costs of adjustment There are many potential sources of fixed costs, including taxes and other transactions costs, time spent searching among heterogeneous products, and imperfections in the secondary market owing to 'lemons' problems. These costs generate microeconomic policies which exhibit a range of inaction where individual units passively tolerate 'small' departures from some ever-changing frictionless optimum level of the stock. Once the departures reach critical thresholds, the consumer abruptly buys or sells to reduce the disequilibrium. Microeconomic policies with such strong non-linear adjustment policies are often described as (Sj) rules. I will devote a section of this paper to characterizing these rules.
Unlike microeconomic series, aggregate series are smooth and continuous. In order to transform the (Sj) model into a theory mat can explain the aggregate facts which motivate these notes, heterogeneity must be introduced to eliminate the synchronization of individual agents. While heterogeneity makes the theory somewhat more complex, it adds an important element of realism which is not present in representative agent models.
In the notes that follow, I will expand and fill in the missing pieces of the previous discussion. In the next section I briefly review the basic PIH model for durable goods and present evidence on the inadequacy of this model to characterize data on aggregate expenditure on durables. Section HI describes the basic microeconomic features of (Sj) models. Section IV sketches results on the dynamic aggregation of these microeconomic policies and summarizes recent empirical evidence supporting these models. Section V concludes. 
II. THE BASIC PIH MODEL AND AGGREGATE TIME-SERIES EVIDENCE
The principal insight of Hall's (1978) result is mat individuals, including the representative agent, smooth consumption over time. Therefore, abrupt changes in the marginal utility of consumption must be brought about by surprises in permanent income.
3 With a few auxiliary assumptions (including separability across goods and time), this result can be extended to the services provided by durable goods. That is, removing trends and assuming services are proportional to the stocks:
with K the aggregate stock of durables and E t the expectation operator conditional on information available at time t. Further, assuming the stock of durables depreciates geometrically at the rate 8, and taking first differences, implies:
where CD t is expenditure on durables. Replacing (1) in (2), yields the MA(1) for changes in expenditure on durables:
This expression converges to the standard whitenoise result for non-durables as 8 tends to one. Table 1 shows estimates of equation (3) for quarterly expenditure on different categories of US durables from 1947:2 to 1993:l. 6 The first column gives results for total durables, the second for automobiles, and the last for furniture. In all cases, the MA coefficient is significantly different from -(1 -8), strongly rejecting the basic PIH, and confirming the findings in Mankiw (1982) . The growth rate in durable expenditures appears to be white noise.
Another way to assess the magnitude of the rejection is by noticing that if preference and relative price shocks are not important relative to permanent income shocks, AC, is approximately proportional to e ( , where C t is expenditure on non-durables. Thus, a modified equation (3) is:
where a is a proportionality factor and e t captures distributional shocks across different categories of goods. 7 Under the simple PIH, the ratio of the two estimated coefficients in (4) should equal -(1-8). Table 2 shows estimates of equation (4) using the same categories of durables. Once again it is clear that the lagged coefficient is approximately zero and that the ratio condition does not hold.
5 For simplicity, I will not discuss shocks to preferences. 6 The regressions are in logarithms with a constant. ' These shocks must have small effects on non-durables to avoid simultaneity problems. See Ctballero (1990) for empirical evidence supporting this view. Suppose now that the aggregate stock of durables adjusts slowly to innovations. For example, let &K t = ae, +(1-a)e^,. with0< a< l.
8 Replacingthis new expression into (2) yields:
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( 5) where v, m ae,. The most interesting aspect of this equation is that if a is sufficiently less than one, the first moving average coefficient can be very close to zero. Also note that the sum of moving average coefficients is -(1 -8/a). Thus, if a » 6, which is likely for reasonable adjustment costs, the large negative MA(1) term of the frictionless model is spread out over several moving average terms, but it is still reflected in the sum of moving average coefficients. This is just an example. In Caballero (1990) I studied more general cases and found that in the US the sum of moving average coefficients is about -0.9 after 3 years of delay. In Caballero (1993) I showed that within durables, convergence is faster for automobiles than for furniture. This result is consistent with the fact that adjustment costs are larger in the furniture market than in the automobile market Table 3 shows the cumulative sum of moving average coefficients and their standard errors for an MA(15), estimated with quarterly data using the same categories as Tables 1 and 2 . Once more, the conclusion is strikingly uniform and consistent with the slow adjustment interpretation. All three categories sum to negative numbers which are statistically significant. The adjustment is fastest in the total durables category, followed by automobiles, and then furniture, although these differences are not statistically significant Running the slow adjustment equivalent of equation (4), where permanent income shocks are approximated by changes in non-durables consumption, yields conclusions similar to those in Table 3 , although the sums of coefficients are estimated less precisely.
Having characterized the sluggish behaviour of aggregate expenditure on durable goods, I now move on to review and construct a plausible explanation for such behaviour the presence of fixed costs of adjustment at the microeconomic level.
III. MICROECONOMIC ADJUSTMENT WITH FIXED COSTS
An individual consumer who behaves according to the frictionless PIH will respond instantaneously to all shocks. As discussed above, aggregating up the behaviour of such consumers would yield implications that are largely inconsistent with the sluggish behaviour of aggregate time series on durable purchases. Sluggishness at the aggregate level may result from the continuous but slow adjustment of individual consumers, or by the intermittent and lumpy adjustment of less than perfectly synchronized consumers.
In the former case, smooth and sluggish microeconomic adjustment emerges naturally from standard convex adjustment cost models, the quadratic in particular. Aggregate dynamics in this model follow directly from microeconomic dynamics. Its analytical tractability has made the quadratic-convex adjustment cost model a favourite among macroeconomists. Unfortunately, it is largely inconsistent with the lumpy pattern of microeconomic purchases of durable goods.
Models with non-convex or, in particular, fixed costs of adjustment have the potential to generate realistic behaviour at both the microeconomic and macroeconomic levels. With fixed costs, an individual consumer's durable goods purchases will be lumpy and intermittent, while the aggregate series will adjust sluggishly, if consumers are not perfectly synchronized. The cost of this microeconomic realism is the additional complexity of solving a non-trivial aggregation problem. I postpone discussion of the aggregation problem until the next section, while in this one I provide an heuristic description of individuals' optimal adjustment pattern when facing fixed costs of adjustment.
By what fraction of a new shock do consumers adjust their stock of durables? Given quadratic adjustment costs, the answer is straightforward: a time-invariant fraction of the shock equal to the standard partial adjustment coefficient. If there are fixed costs of adjustment, however, the answer is more complicated. To see this, consider the situation where before the shock the consumers are holding their desired stock of durables. Then the answer to the previous question must depend on the size of the shock. If the shock is small relative to the fixed cost of adjustment, they will not adjust at all. But if the shock is large relative to the adjustment cost, they will adjust fully.'Tnis simple description begins uncovering the very non-linear nature of the resulting microeconomic policies.
Another source of complexity in fixed-cost models is the strong history-dependence of adjustment policies. In quadratic adjustmentcostmodels, agents adjust by a time-invariant fraction of new shocks. In non-convex adjustment cost models, however, the amount of new purchases depends on the entire past history of shocks. To see this, imagine that the previous shock was small, so that there was no adjustment, and that a new shock hits the consumer. How much will the consumer adjust? The answer clearly depends on whether the new shock is in the same direction as the previous shock ornoL In other words, the relative size of a given shock and any resulting adjustment depends on the accumulation of shocks since the last time the consumer adjusted.
There is an extensive literature characterizing microeconomic adjustment in the presence of fixed costs of adjustment (see e.g. Harrison etal., 1983; Bertola and Caballero, 1990; Grossman andLaroque, 1990; Dixit, 1991; Beaulieu, 1993) . Although the mathematical obstacles of particular applications can be cumbersome, the common essence of the solutions is not Define a disequilibrium variable z to be equal to the difference between a consumer's actual stock of durables, k, and the amount he or she would hold if adjustment costs were momentarily removed, ik*: This policy can be characterized by three numbers, (L,C,U), representing the lower trigger, the centre or return point, and the upper trigger. It is sometimes referred to as atwo-sided(5^) policy. Whether the model is two-sided or one-sided (as in the traditional inventory model), is not important for the current paper. While (Sj) models represent good characterizations of microeconomic behaviour, they are certainly not good descriptions of aggregate time series. In the next section I will discuss aggregation, which is a centrepiece for any model with microeconomic non-linearities, particularly (SHS) models.
IV. AGGREGATE DYNAMICS
The long periods of inaction followed by sudden, dramatic adjustment of individual consumers which characterize (Sj) models changes the way we analyse aggregate dynamics. In particular, the number of units acting at any point in time or likely to act in the near future plays a key role in describing aggregate dynamics. In order to keep track of the number of units that are changing or about to change their stocks, one must keep track of the distribution of zs in the economy. This crosssectional distribution of disequilibria (cross-sec-9 Depending upon the specific form of the non-convexity in the adjustment technology, adjustment may be less than full. This is not important for the point I am trying to emphasize here, which is the non-linear nature of the action-inaction pattern of microeconomic adjustment. 10 Note that in general k* will be different from the stock of durables the consumer would hold in the absence of frictions today and in the foreseeable future. The reason for this difference is that with future costs it will take some time before a new adjustment takes place, while in the frictionless case there is continuous adjustment. The full analysis of the dynamics of the crosssectional distribution can be technically difficult, especially when described in continuous time where the results are cleanest (see e.g. Caballero, 1993) . This is beyond the scope of these notes. Instead, I will provide the basic intuition for some of the mechanisms at work using a discrete time-continuous state space example.
We begin by listing the timing of forces driving changes in individual disequilibria. Let z,_ ^denote a consumer's disequilibrium at the end of period t -1 and z, the disequilibrium at time t after depreciation, 5, and the aggregate shock, v ( , have taken place. Period t ends with discrete upgrade if z ( is less than L and downgrade if z ( exceeds U, and a subsequent idiosyncratic shock, e ( , resulting in z*. Denoting the corresponding cross-sectional densities byJ*(z,t-1), J{z,t), and/*(z,0 and letting capital letters denote the corresponding distribution functions, we have:
where g,(.) denotes the density of idiosyncratic shocks at time t. Equation (6) describes the horizontal shift in the cross-sectional density owing to depreciation and the aggregate shock: consumers who had a disequilibrium z + 5 + v, at the end of period t~ 1, land at a disequilibrium z after depredation and the aggregate shock. Equation (7) summarizes the two steps that follow the transition from /*(.,/ -1) to./(.,t): adjustments and idiosyncratic shocks. It first distinguishes between those that adjust and those that do not Among the former, there are F(L,t) of them that upgrade their stock of durables and 1 -F(U,t) that downgrade theirs. All those upgrading land momentarily at the target point, C, and a fraction, g t (z -Q, of them end up at z after receiving an idiosyncratic shock equal to C -z.
u This explains the first term in equation (7). The second term corresponds to the contribution of all those who do not adjust After receiving an idiosyncratic shock equal to e, an individual with a disequilibrium z+e lands at z: a fraction g,(e)de of the j[z + e,r) individuals at z + e receive such a shock. Summing over all relevant idiosyncratic shocks, 13 yields the expression in the equation.
Given the initial cross-sectional density, the distribution of idiosyncratic shocks, and the microeconomic policies, one can use equations (6) and (7) to characterize the dynamic response of the crosssectional density to aggregate shocks. In these notes the only reason to be concerned with the cross-sectional density is for its role in determining aggregate dynamics. Changes in the aggregate stock of durables are brought about by three forces: depreciation ( §£,_,), gross upgrading, and downgrading flows (/, and D).
where (C -z) is the size of the adjustment of those that cross the trigger thresholds.
It should be apparent that with meaningful heterogeneity-reflected in a sufficiently spread-out cross-sectional distribution at all times-aggregate dynamics are characterized by continuous gross flows. Thus there are no intermittent actions, which 11 The importance of this cross section is not only important for (S,J) models, of course. Any model that exhibits microeconomic nonlincarities with respect to z will require information on higher moments of the distribution of disequilibria as long as there is meaningful and realistic heterogeneity.
a Remember that idiosyncratic shocks to the desired stock of durables shift the disequilibrium in the opposite direction. u That is, over shocks that bring to the point z individuals who have not adjusted. In what follows I will illustrate the mechanisms behind aggregate sluggishness and persistence by discussing the flow of upgrades, since the analysis for downgrades is equivalent. Alternatively, we can make investment in durables irreversible, so U tends towards infinity. Below, I assume that U is very large.
Intuition suggests a plausible justification for sluggish aggregate adjustment to aggregate shocks. While aggregate shocks affect all consumers, only a fraction F(L,t) < 1 adjust in the current period. This intuition is almost right, but it sometimes can be misleading. A famous counterexample is due to Caplin and Spulber (1987) . Suppose that J{L,t) = 1/(C -L), that there are no consumers with z<L, and that the aggregate shock, v ( , is small. Then the size of the jump of those that adjust is (C -L) and the number of consumers adjusting is approx-
and there is no aggregate friction, in spite of lumpy microeconomic adjustment The basic message of this example is that, once again, the shape of the cross-sectional distribution plays a key role in determining aggregate dynamics. Cabaliero (1992) shows that explicitly modelling the endogenous behaviour of this cross-sectional distribution uncovers many fallacies of composition present in standard analysis of adjustment cost models.
The example above can also be used to demonstrate that iff{L,t) < 1/(C -L), the intuition on the source of sluggishness given above is confirmed. This is important, for probabilistic structures more realistic than that considered by Caplin and Spulber (1987) (in particular, with meaningful ratios of idiosyncratic uncertainty to drift) typically lead to cross-sectional densities that obey the previous inequality. Figure 2 shows a typical average of the cross-sectional distributions arising from the continuous time (Sj) models for durable goods (see e.g. Cabaliero, 1993) .
Associated with the recent developments in modelling the cross-sectional distribution have been efforts at structural empirical estimation of these models. 14 The first attempt that I am aware of is due to Bertola and Cabaliero (1990) . They implemented a discrete Markov chain model with consumers following (L.C.U) policies and found that the model was able to replicate post-war US quarterly aggregate expenditure on durables remarkably well: over 85 per cent of the departure from the frictionless model could be explained by a model with an (estimated) inaction range (U-L) of 52 per cent and an idiosyncratic uncertainty of 13 per cent. Caballero (1993) provided a continuous time representation and empirical apparatus, and showed that the (L,C,U) model could not only explain the serial correlation of aggregate purchases, but could also account for differences in the dynamic behaviour of different categories of durables and the instability of the observed serial correlation patterns. Specifically, aggregate furniture purchases were found to be more sluggish than automobile purchases. This seems reasonable, given larger secondary market imperfections (or adjustment costs) for furniture than for automobiles. Second, durable purchases were found to be more sluggish during the 1970s; the model explains this with a lower growth rate of desired durables, which reduced the fraction of consumers close to the upgrading threshold.
The previous results were obtained using aggregate data only, together with strict assumptions on the underlying stochastic structure. But one can also use this framework to organize microeconomic data. This is precisely what Eberiy (1993) did. Using 2,400 observations from the Survey of Consumer Finance, she showed that microeconomic purchases of automobiles are indeed intermittent and lumpy. She documented that, on average, consumers wait until their automobile is about half their desired level before upgrading. This implies a larger inaction range than that estimated by Bertola and Caballero (1990) for tota < arable purchases, but consistent with the estimates for cars obtained with aggregate data by Caballero (1993) . This consistency unveils one of the features I find most appealing in these types of models: that it is possible to go back and forth from microeconomic data to macroeconomic data, stopping at any desired level of aggregation if the data are available. This cannot be done with the standard representative agent models because the representative agent is already a non-explicitly modelled average which does not represent individual microeconomic units.
V. CONCLUSION AND ONGOING RESEARCH
These notes are far from comprehensive. They just highlight a few important issues within an emerging literature, aimed at understanding aggregate dynamics when microeconomic units face fixed costs of adjustments. Durables goods are perhaps the most natural example within this literature.
I have not reviewed at full length the empirical implementation of (S,J) models. This is one of the areas that has exhibited most progress lately. In Bertola and Caballero (1990) the objective was only to show that one could indeed generate aggregate dynamics resembling aggregate data starting from realisticintermittentandlumpy microeconomic purchases. By now, fully specified maximum likelihood procedures allow us to test properly the aggregate fit of these models against standard alternatives (see Caballero and Engel, 1994) . The results are very encouraging, with (S^s)-basedmodels being substantially better than their linear counterparts at fitting sharp recessions and brisk expansions.
Chi the theoretical end there are still a few unanswered questions. What is the precise nature of adjustment cost? If secondary market imperfections is the answer, how does this market respond to the evolution of the cross-sectional distribution of disequilibria and consumers' actions? And, more generally, how should suppliers of durables use the information on the cross-sectional distribution of disequilibria? Although these are technically difficult questions to answer, I have little doubt that they will be answered soon. I am more worried, however, with what we may be asking consumers and producers to do when solving these general equilibrium models; asking them to use information on an entire cross-sectional distribution may be stretching the rational expectations hypothesis. I suspect, sooner or later, improvements on the theoretical side of these models may require dealing with issues of bounded rationality.
